Background Evidence is limited on the impact of childhood socioeconomic status, adulthood socioeconomic status and chronic conditions on risk of incident stroke in later life. We aimed to examine these associations using data from a nationally representative sample of the Health and Retirement Study. Methods Stroke-free participants (n = 22 847) aged > 50 years in the Health and Retirement Study (1992-2008) were analyzed. Childhood and adulthood socioeconomic status were assessed using parental and participant's education attainments. Incident stroke was defined as self-reported first incident stroke. Results Of the study sample, 2298 subjects experienced first incident stroke (10·06%). Cox's regression models indicate that subjects with low childhood socioeconomic status had 1·36 times higher risk (95% confidence interval: 1·18-1·57) of first incident stroke than those with high childhood socioeconomic status. There was an 8% reduction of this association after adjustment for adulthood socioeconomic status. Adults with diabetes mellitus had the highest hazard ratio (1·91, 95% confidence interval: 1·63-2·23) for incident stroke, followed by heart disease (1·69, 1·48-1·93), and then hypertension (1·56,  1·40-1·75 ). Significant interaction effect of childhood socioeconomic status and diabetes mellitus, and combined effects of socioeconomic status and chronic conditions on risk of incident stroke were observed. Conclusions Both low socioeconomic status in childhood and adulthood socioeconomic status predict the risk of stroke. There are significantly combined effects of socioeconomic status and chronic conditions on the risk of stroke. Improving socioeconomic status across the life span and aggressive control of chronic conditions may play pivotal roles in the prevention of stroke development.
Introduction
Although a declining trend of stroke incidence and mortality has been observed in the United States, since the 1930s, stroke has continuously been the leading cause of death for Americans (1) . In 2010, 137 000 people suffered fatal stroke. It is estimated that Americans would pay nearly $73·7 billion for stroke-related medical costs and disabilities. Several studies have demonstrated that individuals living in low socioeconomic status (SES) in early life have an increased risk of death from cardiovascular disease, including stroke in their later life (2) (3) (4) . For example, using nationally representative birth cohort data from Britain, Barker and colleagues showed for the first time that individuals who had low birth weight (an indicator of low SES) are at greater risk of cardiovascular mortality in their adulthood (5, 6) . Similar findings have been reported from Norway, Sweden, Finland, and Japan (4, (7) (8) (9) ; however, few studies have been conducted in the United States, and the results of those studies are inconsistent (10) (11) (12) (13) . For example, Gliksman and colleagues used data from the Nurses' Health Study cohort (1976) (1977) (1978) (1979) (1980) (1981) (1982) (1983) (1984) (1985) (1986) (1987) (1988) (1989) (1990) ) and showed that low childhood SES (assessed using father's occupational status) significantly predicted total risk of coronary heart disease, as well as nonfatal myocardial infarction, but did not predict risk of fatal stroke and coronary heart disease (11) . A recent report, using earlier released Health and Retirement Study (HRS) data, examined association of childhood SES and adulthood SES with risk of incident stroke; however, possible cumulative and combined effects of childhood SES, adulthood SES, and chronic conditions on risk of stroke need to be further addressed in terms of the disease development and public health impact (10) . In the present study, we aimed to add to the narrow body of the literature by using the most recently released data of the HRS (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) to test two novel hypotheses: although low childhood SES significantly predicts the risk of first incident stroke, this association can be influenced by adulthood SES; and there are significant combined effects of childhood SES, adulthood SES, and chronic conditions on the risk of stroke. 1998), War Baby (born 1942 to 1947 at baseline 1998), and Early Baby Boomer (born 1948 to 1953 at baseline 2004). This HRS merger has resulted in a total of five entry cohorts, which surveys a nationally representative sample of Americans over the age of 50 years old (14) . The majority of baseline interviews were face-toface. Biennial follow-up interviews (or proxy interviews for decedent participants) were conducted by telephone or mail through 2008, with wave-to-wave retention rates being around 90%. In the present analysis, we used the combined HRS data (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) prepared by the RAND (Research and Development) Center for the Study of Aging (released in March 2010 and updated in June 2010) because the RAND-HRS data file is an easy-to-use longitudinal data set. The RAND-HRS was funded from the NIA and the Social Security Administration (14) . A total of 26 856 participants aged Ն51 years are included in the RAND-HRS file. In the present analysis, we excluded 264 cases due to unknown stroke status at enrollment and 1471 cases that had prevalent stroke at baseline. Of the remainder (n = 25 121) who were stroke-free at baseline, we further excluded 439 cases with missing values of sampling weight assignment, and 1853 participants with lost to follow-up or a missing value on stroke status. Therefore, the final sample size used in the present study was 22 847, with a participation rate of 91% (22 847/25 121). Of them, 17 176 were white, 3309 were African American (AA), and 2362 were other racial/ ethnic participants. The HRS has been approved by the Institute for Social Research at the University Michigan and our present analysis using de-identified data from the HRS has been approved using the online approval process (14) .
Variable measurements

Baseline variables
Demographic characteristics included age, gender, race ethnicity/ race-ethnicity (white, AA, and others), marital status (married or not married), and education attainments (years). We categorized participants into three groups of those with low, middle, and high SES according to cutoff points of those with less than high school (<nine-years), high school (nine-years to 12 years), and college education levels (Ն13 years). Participants' cigarette smoking status (never, former, or current smokers) and body mass index (BMI) [weight (kg) / height (m) ¥ height (m)] were included as covariates. We examined three groups of chronic conditions of hypertension, heart disease, and diabetes mellitus (DM) because they are well-established risk predictors for stroke (1, 15) . Chronic conditions were defined based on participants' selfreport of a physician diagnosis of the disease. Participants were asked whether a doctor had ever told them (yes/no) that they had hypertension (or high blood pressure), heart problems (including coronary heart disease, heart attack, congestive heart disease, or the occurrence of heart surgery), and DM (or high blood sugar). The validity of self-reported health conditions has been supported by several studies and confirmed to have a substantial agreement between surveys and medical record reports (16, 17) .
Participants' childhood SES was assessed according to parental education attainments, which were measured at the respondent's first interview. In the analysis, the mother and father's education attainments were recorded separately using 0, 1, and 2 for those with less than high school (i.e. <nine-years), high school (nineyears to 12 years), and college or higher (Ն13 years) education, respectively. Then, a sum index of childhood SES was created by combining parental education levels (ranged 0 to 4), such that a lower score indicated a lower childhood SES. Three groups of low, middle, and high SES were classified with a sum score 0, 1, and Ն2, respectively. The use of parental education attainment as an index of childhood SES and the use of participants' education attainments as adult SES have been demonstrated to be valid measures by several studies (18, 19) .
Outcome variables
The outcome variables included time in years from the baseline interview to onset (yes or no) of first incident stroke (either a non-fatal or fatal case) or to the last follow-up of those who did not report experiencing a first incident stroke, whichever occurred first.
We ascertained the occurrence of stroke based on the response to the survey question asked of the survey participants (or proxy interviews for decedent participants) at biannual follow-up: 'since (last interview date) has a doctor told you that you had a stroke?' In the case of a positive response (i.e. first incident stroke), the participants (or proxy interviews for those with first fatal stroke) were then asked for the date (month and year) on which the stroke occurred (14) .
Statistical analysis
The characteristics of the participants were described using univariate analysis. Correlation between adulthood SES and childhood SES was tested using Spearman's correlation method. Differences in the first incident stroke rates by demographic, behavioral, BMI, and history of chronic conditions of hypertension, heart disease, and DM for white, AA, and other racial/ethnic groups were examined using chi-square test.
To adjust potential confounders, multivariate Cox's proportional hazards regression models were conducted to examine whether childhood SES, adulthood SES and chronic conditions were significant predictors for risk of first incident stroke. In the analysis, three multivariate models were tested. Model 1 examined the association between childhood SES (low and middle refer to high SES) and risk of first incident stroke with adjustment for age (<60 vs. Ն60), gender (male vs. female), race ethnicity/raceethnicity (white, AA, and others) and marital status (yes vs. no). Model 2 examined whether the association between childhood SES and risk of stroke was changed when including adulthood SES as a covariate. Model 3 examined whether childhood SES, adulthood SES, and chronic conditions of hypertension, heart disease, and diabetes were independent predictors for risk of first incident stroke. The trends of childhood SES and adulthood SES for risk of stroke were tested by recoding low, middle, and high SES as a continuous variable. Interactions of childhood SES with adulthood SES and childhood SES with chronic conditions on the risk of first incident stroke were examined in models 2 and 3.
Sensitivity analyses were conducted as well. In particular, we excluded subjects who had first incident stroke within one-year follow-up from the survey because they might be incident stroke cases at baseline but missed diagnosis by a physician or a health professional. This exclusion can minimize potential misclassification of stroke cases and have a conservative estimate of the associations between risk factors and incident stroke.
Finally, the combined effects of childhood SES and adulthood SES with chronic conditions on the risk of first incident stroke were examined and depicted.
Statistical analysis was performed using sas 9.2 (SAS Institute, Cary, NC, USA). Because the HRS applied multistage sampling design, all data analyses were conducted using sas procedures for complex sampling surveys to calculate weighted estimates and sampling errors and account for the weighted sample designs (20) . In Cox's models, we used plots of the log (-log) survival curves and Schoenfeld residuals to verify the proportional hazard assumption (21) . A two-sided P-value Յ 0·05 was considered as having statistical significance.
Results
Of the total participants (n = 22 847) who were stroke-free at baseline, 75·2% were white, 14·5% were AA, and 10·3% were other racial/ethnic groups, with an average age of 61 years old. Prevalence of hypertension, heart disease, and diabetes were 36·5%, 12·6%, and 8·5%, respectively.
Of the study participants, 2298 subjects experienced first incident stroke (10·06%). AAs had the highest incidence of first stroke (11·14%), followed by whites (9·12%), and other racial/ethnic groups (6·22%), within a median follow-up of 9·8 years (interquartile, 4·4-15·2 years). Aging and chronic conditions were significantly associated with risk of first incident stroke in all race ethnicity/ethnic groups. Marriage status was significant, and smoking status and BMI appeared to have no or a borderline significant association with risk of first incident stroke (Table 1) .
Adulthood SES was significantly and positively correlated with childhood SES across all three racial/ethnic groups and in the total combined sample. The corresponding correlation coefficients of childhood SES and adulthood SES were 0·42 (P < 0·001), 0·40 (P < 0·001), and 0·45 (P < 0·001) for whites, AAs, and other racial/ethnic groups, respectively. The overall correlation coefficient between childhood and adulthood SES in the total sample was 0·44 (P < 0·001). Table 2 indicates that after adjustment for demographic variables, the subjects with low or middle childhood SES had significantly higher risk of first incident stroke as compared with those with high SES (model 1). The association remained significant after adjustment for adulthood SES (model 2), but it resulted in a 4·8% and 8·1% reduction for those with middle and low 
*Test for rates differences across three race ethnicity/race-ethnic groups: P < 0·001. SEP, standard error of proportion.
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childhood SES, respectively. Model 3 shows that childhood SES, adulthood SES, and chronic conditions were significant predictors for risk of first incident stroke. These associations were independent of multiple covariates. It should be noted that current smoking is a significant predictor of incident stroke in the multivariate analysis (hazard ratio = 1·59, 95% confidence interval: 1·36-1·85). However, similar to the crude analysis (Table 1) , no significant association between BMI and stroke is observed. Model 3 also shows that there was a significant interaction of childhood SES and diabetes on incident stroke (P = 0·03). Therefore, we further examined the association of childhood SES and adulthood SES by stratification of diabetes status. The results shows that among those without diabetes, subjects with low childhood SES and low adulthood SES had significantly higher risk of first incident stroke (12·45%) than those with higher childhood and adulthood SES (4·42%). However, patients with diabetes and with low adulthood SES had significantly higher risk of first incident stroke, regardless of childhood SES. The corresponding incidence rates (standard error of proportion) of stroke in patients with diabetes and with low adulthood SES are 17·25% (2·05), 16·34% (7·45), and 27·77% (12·95) among those with low, middle, and high childhood SES, respectively. Sensitivity analysis, by excluding those who reported having first incident stroke diagnosed within one-year of the follow-up, had similar results to the total sample without this excluding (data not shown). Therefore, we present the results using the total sample in Table 2 .
Of three chronic conditions (hypertension, heart disease, and diabetes), 32·1% of the participants had one chronic condition, and 10·4% had two or more conditions. Figure 1 
depicts that subjects with low childhood SES or low adulthood SES and with
Նtwo chronic conditions had the highest incident rate of first stroke. Those without a chronic condition and with high SES had the lowest incident rate.
Discussion
Consistent with other studies suggesting a cause-effective association between low childhood SES and risk of first incident stroke (3, 7, 19, (22) (23) (24) , the present study provides further evidence to the literature on the cumulative and combined and interaction effects of childhood and adulthood SES and chronic conditions.
The study shows that adulthood SES may modify the association between childhood SES and risk of stroke, and there are significantly combined effects of childhood SES, adulthood SES, and chronic conditions on risk of stroke. These results suggest that there are potentially cumulative effects of childhood SES adulthood SES and adult chronic conditions on risk of stroke because low childhood SES occurs before adulthood SES and before the occurrence of chronic conditions. These findings highlight the importance of control of stroke across the life span. Several studies have observed that smoking and obesity are significant risk factors for stroke. Finding from our present study is consistent with previous studies on the association between smoking and stroke (1). However, we do not observe a significant association between BMI and stroke. A meta-analysis based on findings from 25 studies suggests that overweight and obesity are significantly associated with risk of ischemic stroke but no evidence for the association with hemorrhagic stroke (25) . It is known that the mechanisms of by which BMI as a risk factor for stroke may be different among subtype strokes. We are unable to test in detail on the association between BMI and subtype strokes because information on the classification of subtype strokes is not available in the present study.
Although diabetes poses a serious health problem, very limited data examined a potential interactive effect of diabetes with SES on risk of stroke. Results from the present study suggest that the magnitudes of the associations between childhood SES and risk of stroke are not only modified by adulthood SES but also are strongly influenced by whether individuals suffer from diabetes. Patients with diabetes and with low adulthood SES shows significantly higher risk of stroke, regardless of childhood SES. This important finding suggests that although low SES in childhood plays an overall negative effect on the risk of stroke in general population, an aggressive control of diabetes for patients with low SES in adulthood may greatly reduce risk of stroke in individuals with diabetes.
In life course epidemiology studies, several indicators have been used to assess childhood and adulthood SES, including parental education attainments, occupational status and income, or disease status in early life. Each has its own advantages and disadvantages because of their measurable and comparable issues across different cultures, regions and time periods. In the present study, we applied parental education attainments to evaluate SES due to two advantages: the measures of education level and cutoff points are consistently used over the course of the HRS; and these measures are relatively stable and comparable than other indicators, such as income and occupational status.
The mechanism by which childhood SES contributes to an increased risk of stroke is still being studied; three possible pathways are postulated. First, the biological pathways may be involved in an intergenerational transmission. In particular, early life experience with physical disadvantages can result in epigenetic modifications, shown to be heritable and consequently able to exert long-term biological influences (6, 19) . Second, psychosocial pathways through which a low SES environment may be transmitted from one generation to the next may exist. The present study has demonstrated that childhood SES is significantly positively correlated with adulthood SES. The combined exposure to a poorer SES at childhood and adulthood may accumulate the risk of stroke across the life span.
The present study has several strengths. First, this prospective analysis approach has the advantage of interpreting a causal association between predictors and outcomes. Second, the survey procedures and measures of predictors and outcomes are validated across all waves of the HRS. Third, results from our sensitivity analyses reveal that excluding those who reported having first incident stroke within one-year of the follow-up produces similar results to the use of the total study sample. This sensitivity analysis enhances the accuracy of the present findings. Fourth, by using data from the largest sample size of Americans aged >50 years, the present study is able for the first time to explore a significant interactive effect of SES and prevalent DM and combined effects of SES and chronic conditions on risk of stroke. Beyond previous life course analysis, these findings address that prevention of stroke is not only for those at early life but also for those in adulthood. An increased risk of incident stroke in adults with diabetes and with low SES in adulthood, regardless of their SES in childhood, highlights the challenge of further etiological study and control of stroke across the life span. Last but not least, although the patterns and epidemiology of stroke in relation to SES and BMI may be different between developed and developing countries in a certain time period of social and environmental transmission, the survey approach of the HRS and findings from the present analysis may provide an overall concept and new insights into setting up surveillance system and monitoring stroke risk across the life span in populations living in developing countries (25) (26) (27) (28) .
Meanwhile, several limitations should be kept in mind when interpreting the results. First, similar to most longitudinal observational studies, findings from the present study may underestimate the associations of SES across the life span and chronic conditions with risk of first incident stroke. For example, we may miss some stroke cases among those who died from other causes but with comorbidity from stroke because these cases were unlikely to be reported as incident stroke. Meanwhile, those who died before age 50 but had high risk of development of stroke or had sub-clinical stroke were excluded from the study, which may lead to an underestimate of the association between SES and Research incidence of stroke. Second, measures of chronic conditions and incident stroke were based upon respondents' self-reports of physician's diagnosis, and thus, potential recall bias may exist. Third, we were unable to conduct further in-depth analyses of potential mediators, such as serum biomarkers of dyslipidemia, glucose, and HbA1c, in relation to risk of stroke and subtype strokes (i.e. ischemic and hemorrhagic) because these measures were not available from the current HRS data.
Despite the aforementioned limitations, findings from the study suggest that both low SES in childhood and adulthood SES predict the risk of stroke. There are significantly combined risk effects of low SES and chronic conditions on stroke. Improving SES across the life span and aggressive control of chronic conditions will play pivotal roles in the prevention of stroke development.
